Abstract
Introduction

29
The ability of humans to change the world out- ate the biological quality of streams, rivers and lakes 71 (Karr, 2002) .
72
In this paper, the macroinvertebrate communi- Kurtz et al., 2001 ).
107
One of the great challenges in ecological integrity 108 studies is to predict how anthropogenic environmental 109 changes will affect the abundance of species, guilds 110 or communities in disturbed ecosystems ( (Jørgensen and Bernardi, 1997) . 121 Therefore, it is a goal of ecological modelling to con-122 struct dynamic models and structural dynamic models 123 that can adequately capture the structure and the 124 composition, including the related processes, of those 125 systems (Jørgensen, 1994 (Jørgensen, , 2001 Chaloupka, 2002 
The aim of the present paper is to develop an holis- The study was carried out in four main streams from 165 the Douro river watershed, located in Northeast Por-166 tugal: the Olo (O), Corgo (C), Pinhão (P) and Tinhela 167 (T) rivers (Fig. 1) 
Data analysis
216
The stochastic dynamic model proposed is preceded 217 by a conventional multivariate statistical procedure.
218
A stepwise multiple regression analysis (Zar, 1996) 219 was used to test relationships between the biological (Zar, 1996) . The lack of multicolinearity between in- In order to quantify assessment we must be able to 283 specify the ecological properties that are expected to 284 occur in the absence of human alteration (the pristine 285 condition) or are attainable if human impact ceases. 286 Since we had no knowledge about the biota that existed 287 at the studied sites prior to human alteration, we took 288 the environmental data reported in the eighties as a 289 reference situation. In fact, in that period the studied 290 watersheds presented, in general, good water quality 291 (clean waters, not polluted or little altered), according 292 to the BMWP (Alba-Tercedor and Sánchez-Ortega, 293 1998) and IBB (Pauw and Vanhooren, 1983) indexes. 294 After the validation process, the model performance 295 was analysed facing scenarios of water quality degra-296 dation resulting from organic pollution. Since the 297 sampling station C6, located in the Corgo watershed, 298 was monitored in 1994 for chemical water quality 299 (Sampaio, 1995) , approximately 10 years later than 300 the data used for the model construction, this data was 301 used to represent water quality degradation in this site. 302 In fact, according to Sampaio (1995) , this sampling 303 station displayed a typical diagnosis of eutrophication. 304 Two scenarios for C6 were considered to evaluate the 305 sensitivity of the developed model in discriminating 306 real perturbations: scenario 1 was assumed, for com-307 parative purposes, as a reference condition (in spite 308 of already not being an unpolluted site) and charac-309 terized by the environmental data from 1984 (Cortes, 310 1992), and scenario 2 was identified as a perturbed 311 condition regarding environmental data from 1994 312 (Sampaio, 1995) . Thereafter, a Mann-Whitney test 313 was performed to compare two different time series 314 from the two scenarios considered. A stepwise multiple regression analysis was used to 319 search for significant correlations between the mixed 320 biological metrics and the mixed environmental vari-321 ables of the three watersheds used in the model con-322 struction. Of the 13 environmental variables consid-323 ered, 4 were excluded from the model (P > 0.05), 324 namely chemical oxygen demand, phosphates-P, chlo-325 rides, and dissolved oxygen content. The environmen-326 ECOMOD 3515 1-15 (Table 2) . Moreover, the number of species of Ple-333 coptera and Trichoptera seemed to be positively in-
334
fluenced by an increase of altitude ( 
Model conceptualization and equations
342
The diagram of the model presented in Fig. 2 (Fig. 2 , Tables 2 and 3, Difference and Process equa-375 tions). Although the composition and richness output 376 for each metric in our stochastic dynamic model sim-377 ulation is composed of a given value per time unit, 378 the respective state variable may result in a cumula-379 tive behaviour over time in response to environmental 380 condition changes. Therefore, to prevent this from 381 happening, six outflow adjustments were incorporated 382 into the model (Chir adjust, Eph adjust, Plec adjust, 383 Tric adjust, Tot adjust, and H adjust). These outflow 384 adjustments aim to empty the ecological metric state 385 variables at each time step, by a "flushing cistern 386 mechanism", before beginning the next step with 387 new environmental influences ( Fig. 2 and Table 3 , 388 Difference and Process equations). For process com-389 patibilities and a more realistic comprehension of 390 the model simulations, some conversions were intro-391 duced, denominated as associated variables (Fig. 2 392 and Table 3 , associated variables). Regarding the 393 biological metrics, these conversions were obtained 394 through an inverse transformation (anti-logarithmic), 395 which transforms logarithms into composition and 396 Table 3 Mathematical equations used in Stella for the relationships between the composition, richness and tolerance metrics and the environmental physicochemical variables from the studied watersheds Initial richness of log H = 0 H gains = 2.548 + 1.492 log ALK H losses = 1.576 log pH + 0.961 log NO 3 H adjust = log H Associated variables CHIR = 10 ∧ (log CHIR) − 1 EPH = 10 ∧ (log EPH) − 1 PLEC = 10 ∧ (log PLEC) − 1 TRIC = 10 ∧ (log TRIC) − 1 TOT = 10 ∧ (log TOT) − 1 H = 10 ∧ (log H ) − 1 log ALK = log 10 (ALK + 1) log ALT = log 10 (ALT + 1) log BOD 5 = log 10 (BOD 5 + 1) log COND = log 10 (COND + 1) log DSOURCE = log 10 (DSOURCE + 1) log HARD = log 10 (HARD + 1) log NO 3 = log 10 (NO 3 + 1) log O 2 = log 10 (O 2 + 1)
ECOMOD 3515 1-15
U N C O R R E C T E D P R O O F
ECOMOD 3515 1-15 log pH = log 10 (pH + 1) log PPREC = log 10 (PREC + 1)
Composed variables E = H /log TOT EPT = EPH + PLEC + TRIC EPT and CHIR = EPT/(CHIR + EPT)
Environmental constants ALT = 690 DSOURCE = 7.5 Table functions As an example, the environmental data of the sampling station P1 was used. The specification of all variable codes is expressed in Table 1. therefore, were introduced as environmental constants 423 (Table 3 , Environmental constants). first sampling campaign carried out by Cortes (1992) .
435
For the majority of the relevant metrics adopted, 436 the model successfully predicts the behaviour of the 437 biological metrics under the influence of independent 438 environmental variables from the Pinhão watershed 439 sampling stations (P1, P2, P3 and P4) ( Table 4) . With 440 the exception of P3, all the simulations were statisti-441 cally validated by the regression analysis (Model II) 442 of the remaining sampling stations (Table 4) . Fig. 3 il-443 lustrates the confrontation between simulated and real 444 values for the most revealing metrics under consider-445 ation (Chironomidae, EPT, number of total taxa, and 446 Shannon-Wiener index). For these metrics, the model 447 simulations accurately predicted the real values for P1, 448 P2 and P4, with generally the same behavioural ten-449 dencies, but not for P3 (Fig. 3 and Table 4 ). In fact, 450 ECOMOD 3515 1-15 (Fig. 4) . On the con- 
Discussion
484
The stochastic-dynamic methodology developed in 485 this study seems to represent a useful contribution to 486 the assessment of the ecological status of typical run-487 ning waters, predicting the structure and diversity of 488 key aquatic biological metrics. In fact, the simula-489 tion results showed that the biological metrics selected 490 as state variables were not indifferent to changes in 491 the environmental conditions, namely when sites rela-492 tively unaffected by human activities were changed by 493 man-induced disturbances, such as organic pollution. 494 The relevant ecological drifts observed are in agree-495 ment with other studies that have investigated the bi-496 ological consequences of aquatic ecosystem changes 497 by these type of anthropogenic impacts on key aquatic 498 communities in general and on macroinvertebrates in 499 particular (e.g. Cortes, 1992 
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